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THE ATOM OF ELECTRICITY. 

The Electron: Its Isolation and Measurement and 
the Determination of Some of its Properties. 
By Prof. R. A. Millikan. (University of 

Chicago' Science Series.) Pp. xii + 268. 

(Chicago, Ill.: University of Chicago Press; 
London : Cambridge University Press, 1917-) 
Price 1.50 dollars net. 

HE great advances in physical science that 
have been made during the past twenty 
years have been largely based on the idea that elec¬ 
tricity, like matter, is not infinitely divisible, but 
that there exists a definite fundamental ^ unit _ of 
electrical charge or “atom of electricity” which 
is incapable of further subdivision, and that all 
charges, however great, are integral multiples of 
this unit. While the great mass of experimental 
observation strongly supported this idea, it has 
been extremely difficult, as in the case of so many 
fundamental theories, to obtain a direct and con¬ 
vincing proof of its truth. 

In the present monograph Prof. Millikan, of 
the University of Chicago, gives a most interest¬ 
ing and complete account not only of the general 
history of this idea, hut also of the methods that 
have been developed ' to determine, with an 
accuracy, it is believed, of one in a thousand, the 
magnitude of the fundamental unit of charge or 
atom of electricity. When we consider that the 
atom of electricity is probably the most funda¬ 
mental and important physical constant in Nature, 
it is a great triumph for experimental science to 
have devised within so short a time methods 
capable of such accuracy. It is to Prof. Millikan 
himself that we are indebted for the final successful 
methods of attack of this most difficult problem, 
and in this monograph we have the advantage of 
obtaining a first-hand account of his difficulties 
and triumphs. 

From the title of the book, “The Electron,” it 
might be inferred that the author dealt with the 
general properties of the electron and its rdle in 
electric phenomena. This, however, is not the 
case, for the first half of the book contains an 
account of experiments to prove the existence of 
an atom of electricity and to measure its value, 
and the latter half is devoted to problems of atomic 
structure and radiation. ' There is, however, some 
historical justification for the title, since the late 
Johnstone Stoney, when he first introduced the 
name “electron” in 1891, restricted its meaning 
to the actual magnitude of the unit charge, quite 
apart from the mass or properties of the carrier 
itself, which at that time were quite unknown. 
While the original meaning has to some extent 
been conserved, there is now a general tendency 
to restrict the term “ electron ” to those atoms of 
disembodied negative electricity like the cathode 
particles and # jpkrticles of radium which have an 
apparent mass small compared with that of the 
hydrogen atom. When the smallest mass asso- 
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ciated with the atom of positive electricity has 
been fixed, it would naturally be termed the “ posi¬ 
tive electron. ’ ’ So far, however, there appears to 
be a fundamental distinction between positive and 
negative electricity, for, the atom of positive elec¬ 
tricity has never been found associated with a 
mass less than that of the hydrogen atom. 
Whether the nucleus of the hydrogen atom is in 
reality the positive electron or whether it may 
prove a complex is still an unsettled .question. 

After a simple sketch of the history of the 
subject, the author passes in careful review the 
pioneer methods of J. S. Townsend, Sir J. J. 
Thomson, and H. A. Wilson for measuring the 
unit of charge carried by electrified drops of water, 
and points out the inherent difficulties of accurate 
measurement under these conditions. The methods 
employed by Prof. Millikan were similar in general 
principle to" those used in these early researches, 
with one important distinction. Instead of measur¬ 
ing the average charge carried by a multitude of 
water drops, subject to variation of size by con¬ 
densation or volatilisation, he confined his atten¬ 
tion to a single charged drop of oil or mercury of 
small diameter. 

A sprayer was used to produce fine drops of 
oil or mercury, and some of these, charged' by 
friction, fell through a small opening into the 
space between two charged parallel and horizontal 
plates, and came into view of a microscope as 
bright points of light. By adjustment of the elec¬ 
tric field a single drop of this kind could be held 
suspended in the field of view of the microscope 
for hours at a time. 'The charge on the drop 
could be determined from observations on the 
electric field required to balance the drop, and the 
velocity of fall of the drop under gravity. The 
drop usually carried a number of unit charges 
either positive Or negative. By an ingenious 
method he was able to vary and even reverse this 
charge at will. For this purpose the drop was 
allowed to pass for a short time into a region 
where, there was an excess of ions of one sign 
produced by radium rays and separated by an 
electric field. In this way it was possible to un¬ 
load the charge of the drop unit by unit, and to 
measure it after each exposure. By direct ex¬ 
periment of this kind the author was able to show 
definitely that all charges gained or lost by the 
drop were either single or integral values of a 
definite unit, and still more that the original charge 
produced on the drop by friction was an integral 
number of this unit. In this way he was able to 
prove a number of fundamental points in a most 
direct way; For example, that the unit of charge 
produced by friction is the same as the charge 
carried by the ion in gases, while the unit of posi¬ 
tive charge was shown to be identical with the 
unit of negative charge within a very small margin 
of error. 

As a result of five years’ work involving a com¬ 
plete study of numerous corrections, the value e 
of the atom of electricity was found to. be 
e = 4‘774x 10 -10 electrostatic units, with a probable 
error of not more than one in a thousand. With 
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the knowledge of this constant it is easy to deduce 
at once the value of a number of other important 
magnitudes with equal precision, e.g. the number 
of molecules in a cubic centimetre of any gas at 
standard pressure and temperature, and the mass 
of each of the atoms of matter. At the same 
time, the accurate evaluation of e throws light on 
the magnitude of a number of related quantities. 

While Prof. Millikan’s work was in pro¬ 
gress, Ehrenhaft examined the charge carried by 
particles so small. that they showed a marked 
Brownian movement, and concluded that the 
charge in some of these cases was smaller than 
the value found by Prof. Millikan, or, in other 
words, that there existed a charge less than that 
carried by the negative electron or gaseous ion. 
This evidence is carefully examined by the author, 
who concludes that the discrepancies can be 
readily accounted for by experimental disturb¬ 
ances, and that there is no trustworthy evidence 
of the existence of a sub-electron. 

Later chapters include a discussion of modern 
views of the structure of the atom and the nature 
of radiant energy. Very appreciative references 
are made to the value of Moseley’s work, and its 
great importance in fixing the relation and modes 
of vibration of the elements is emphasised. The 
author is a supporter of the nucleus theory of the 
structure of the atom, and outlines clearly Bohr’s 
contributions to the origin of spectra. 

Prof. Millikan’s book is written in a simple, 
almost popular, style. The argument throughout is 
well sustained, and the essential points are clearly 
brought out. Stress is laid on the underlying 
physical ideas, and the few calculations required 
are included in an appendix. We can recommend 
this volume most strongly both to scientific experts 
and to the general scientific public as an accurate 
and at the same time inspiriting account of an 
important field of scientific inquiry opened up in 
recent years. E. R. 


A STUDY OF THE JEWISH CHILD. 


The Jewish Child: Its History, Folklore, Biology, 
and Sociology. By W. M. Feldman. With 
introduction by Sir James Crichton-Browne. 
Pp. xxvi + 453. (London: Baillifere, Tindall^ 
and Cox, 19x7.) Price 105. 6 d. net. 


T^R. FELDMAN'S study of the Jewish child 
^ should be of interest to English readers for 
at least two reasons. First, because out of a 
total of twelve million Jews in the world, one-fifth 
are, at present, living in English-speaking coun¬ 
tries—more than two millions in America,, and 
less than a quarter of a million (240,000, to be 
exact) in the LTnited Kingdom. The second rea¬ 
son is that the British Government, with the con¬ 
sent of the Allies, proposes to use its best en¬ 
deavours to establish, under the aegis of the 
British Government, a national home for the 
Jewish people in Palestine, where they might be at 
liberty to develop in accordance with their national 
aspirations. 

Dr. Feldman is well qualified to lead us in the 
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study of the Jewish child; for not only is he well 
acquainted with modern Jewish child-life, having 
a big practice among the Jews of Whitechapel, 
but he is also well versed in Jewish literature, 
ancient and medieval. His book represents the first 
attempt to give a comprehensive account of Jewish 
child-life in all its phases and aspects, and takes 
us through the -whole life-cycle of the Jewish child, 
including the ante-natal, natal, and post-natal 
periods. 

The book may be divided roughly into two 
parts, historical and scientific. The historical 
part deals with the state of knowledge of child-life 
among the ancient and medieval Jews. By means 
of numerous quotations and citations from the 
Bible, the Talmud, and Rabbinical literature, the 
author demonstrates, first that the Jews -were 
keenly interested in all the phases of child-life, and 
secondly that the amount of true knowledge they 
possessed on this subject was not inconsiderable. 
For it must be noted that the broad principles of 
eugenics and hygiene were strictly enforced by the 
laws of Moses, and repeatedly enjoined by the 
teachings of the Rabbis as a religious duty. The 
scientific part, on the other hand, deals with such 
questions as the physical, biological, and patho¬ 
logical characteristics of the modern Jewish child. 

One of the most important chapters in the book 
is that which discusses the. vital statistics of the 
Jewish child. At a time when the problem of 
infant mortality looms large in the public eye, it is 
interesting to note that among Jews the infant 
mortality is, at all ages of child-life, considerably 
lower than among the general population, and not 
only in England, but in all other countries. The 
chances of surviving the critical first year are also 
much greater among Jewish infants. Contrary 
to the popular belief, the Jewish birth-rate is less, 
and yet their degree of increase is g’reater, than 
that of non-Jews. This is because their infant mor¬ 
tality is considerably lower. As Leroy-Beaulieu 
puts it, the Jews “ bring fewer children into the 
world, but they bring more of them to maturity.” 
“ This low infantile mortality,” Dr. Feldman re¬ 
minds us, “ is not due to any inherent racial 
vitality in the Jewish child, but is due to the almost 
universal prevalence of breast-feeding among 
Jewesses, to the lesser incidence or almost entire 
absence of transmissible taints resulting from 
diseases acquired by the parents in the w r orship of 
Venus and Bacchus, and lastly to the great general 
care bestowed on their children by Jewish parents, 
w T ho fly to the doctor for almost every infantile 
ailment. ” 

The chapter on the system of education among 
the J ews proves how highly education was valued 
by them so far back as 2000 years ago. This zeal 
for education, both Jewish and secular, is still very 
marked among the Jewish population of the East 
End. Among other subjects, the author dis¬ 
cusses the effects of first-cousin marriages among 
the Jew^s. He also gives us an interesting and 
lucid account of the recent study of Jewish 
physiognomy by Dr. Redcliffe Salaman, who came 
to the conclusion that the Jewish type of face is a 
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